THE view expressed by the late Sir James Mackenzie that "the fact that medicine is becoming so complex implies that its study is being pursued on wrong lines" merits the careful consideration of clinicians at the present time. During the last thirty years the advance in our knowledge of physical science has been of a very remarkable character. The keynote of that advance has been the knowledge gained as to the relationship of matter to radiation, and of energy in its relation to the light and heat rays from the sun and radiations from other areas in the electromagnetic spectrum. During the same period the increased attention of research workers into the problems of pathology, bacteriology and biochemistry has not succeeded in establishing any new principle of outstanding value for the advance of clinical medicine. It is possible that the great increase in specialization in research, rendered necessary by our modern outlook, tends to prevent investigators from seeing the wood for the trees. There has at the same time developed during recent years an increasing tendency to apply the results of laboratory investigations on biochemical lines to the interpretation of unsolved problems in clinical medicine with a facility and rapidity which are open to question by thoughtful physicians. This appears to be well illustrated in the present state of the vitamin question.
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The object of this communication is to emphasize the necessity of directing attention to a possible biophysical origin of vitamins rather than to their assumed biochemical origin, to which attention is almost exclusively directed by present-day workers.
The vitamins. The foundation of our present knowledge of vitamins was laid by Hopkins (England), Stepp (Germany), Osborne and Mendel, and McCollum and Davies (America) , working contemporaneously, the first detailed record of the existence of "accessory food factors" being published by Hopkins in 1912. (The work of Lunin (1881), and of Eijkman on beri-beri (1897) has great significance in relation to this subject.) The American investigators concluded that the growth-promoting substances were contained in the fat of the milk, but not in the milk solids, or in the water of the milk. Egg fat and cod-liver oil were found to be as good as butterfat, but lard and almond oil did not induce growth. McCollum concluded from his observations that two substances were necessary to secure growth, one soluble in fat, and one soluble in water. The American investigators objected to the term " vitamine" introduced by Funk, in connection with his investigations on beri-beri, because it was not proved that the unknown substances were organic bases, as the term " amine " implied. Funk's conception of their nature was later disproved. The word " vitamins" was, however, retained for want of a better, the " e " being dropped, as it implied that the substances had a known chemical constitution. In the light of our later knowledge the question may later arise as to the wisdom of the present nomenclature. The literature of the subject is now considerable, the number of vitamins is steadily increasing, and the complexity of the subject proportionately increased.
It is significant that after eighteen years' extensive research on the subject, we are still ignorant as to whether vitamins are substances which may yet be capable of isolation and synthetic production, or merely properties. Two only have been prepared-vitamin A prepared from carrots and the leaves of green vegetables-and vitamin D by the irradiation of ergosterol. Vitamin A is believed to be associated mainly with growth, and with promoting resistance to infection, and vitamin D with the" anti-rachitic " factor. The existence of and the degree of activity of " vitamins " is determined by three methods: (1) Biological assay (vitamins A and D), (2) colorimetric test, and, in more recent years, (3) the spectograph-noting the position and nature of the absorption bands. The present use of vitamins A and D in clinical medicine has been built up mainly on the biological test, directed to ascertain the rapidity of growth, and recovery from rickets artificially induced by an appropriately defective diet. There is some reason for thiniking that the clinica use of " vitamins "-both in the feeding of man and animals-has gone a little abead of established scientific knowledge of the subject. In this connection it is of special interest to note that recently Professors Drummond and Morton have pointed out that in regard to vitamin A, the biological assay is " almost useless," unless a very large number of animals are employed, which is not usually the case. They reported that even where a large numboer of animals were utilized for the biological test, the margin of error was still 100%. A former extensive experience of the nutrition of rats leads me to the conclusion that an equal caveat is necessary in regard to drawing deductions applicable to clinical medicine from the present method of biological assay of vitamin D. My comments on the present position of the subject and the hypothesis put forward in connection with it, are based mainly on the following data: (1) Some experimental observations on diet in 1905. (2) Investigations on the use of irradiated milk-whole, skimmed and separated. (3) Known, but apparently unrecognized, facts of great interest and importance, re plant nutrition.
A short account of these is given here.
Autthor's experimental observations.-In 1905 the writer, with the aid of nine collaborators, carried out an extensive series of observations on the nutrition of rats, in the physiological laboratory of Edinburgh University. These were directed primarily to determine the influence of various abnormal dietaries-e.g., rice, porridge, horse-flesh, and ox-flesh-on the structure of the various tissues, the results being recorded in the Journal of Physiology and the Lancet, 1906, and in the appendix to the author's book on " Food and Feeding in Health and Disease." A large number of animals were employed. In the case of the ox-flesh fed animals the observations were continued into the second generation, sterility being ultimately induced. Some of the graphic records of growth and the opinions expressed on them have a direct bearing on the vitamin question. In recording the results of the ox-flesh fed animals it was stated that " these experiments prove that the excessive use of a meat diet in rats is attended with the following results: (1) Growth is retarded. (2) Sterility is induced if the diet is commenced in very early life (see fig. 1 ). (3) The power of lactation is diminished. (4) A permanent weakening of the resisting power of the animals is induced by the use of an excessive meat diet in early life, the animals succumbing to disease at an unusually early age. (5) There is a high death-rate in the offspring of animals fed on an excessive meat diet." Collectively, these symptoms represent a pronounced avitaminosis. By way of explanation it was stated that "there can . . be no reasonable doubt that the symptoms observed were the result of the premature loss of some vital function or functions, and more especially of those concerned in warding off bacterial infection from the respiratory-and probably also the alimentary-tract." In the light of recent knowledge I interpret the loss of vital functions as arising from absence from the dietary of the specific energy derived from sunlight, inherent in fresh natural foods.
Graph I illustrates the recuperative power of a diet of bread soaked in milk, when administered to young rats which had been fed, and failed to grow, on a diet of ox-flesh for a period of forty-eight days. The 
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LL o0 whole milk to the diet of rats previously fed on a diet which was, from the accepted chemical composition point of view, complete.] In describing his results Hopkins wrote as follows " If the attachment of such indispensable functions to specific accessory constituents of diet is foreign to current views upon nutrition, so also is the experimental fact that young animals may fail to grow when they are daily absorbing a sufficient quantity of formative material and energy for the purpose of growth." In regard to the above, it is, I think, doubtful if the invalidity of the premise in the later part of the statement is sufficiently realized. The diet of the animals in question was clearly lacking in energy value. The experiment conclusively proved the fallacy of the then current teaching that the chemical energy of the food as revealed by its heat value, represents the whole enerqy value of food.
Graph II illustrates the characteristic curves obtained by substituting a diet of bread soaked in whole milk and also in skimmed milk, for a diet of rice, horse-flesh, and porridge respectively. The chart shows two features of interest: (a) The immediate and rapid gain in growth, induced by the bread and milk diet; also the important fact that the later growth was retarded, and (b) the results obtained by the use of the skimmed milk-in which any fat-soluble substance was presumably less-being rather more pronounced than those obtained from the whole milk. The signs of ill-health observed included not only a failure to grow, but, in the case of many of the animals, various manifestations of derangement of the nervous system, skin and eye, now ascribed to the absence of vitamin A. The uniform improvement in all instances is illustrated in this graph. It seems clear that the new diet contained all the energy (vitamins) required to establish the favourable results observed.
An examination of the reproductive system in the male animals was made by the late C. B. Paul. The differences in the amount of reproductive tissuetesticles, seminal vesicles and prostate-and also the state of the muscles involved are well revealed. (See fig. 1 .) May this not have a bearing on the present conception of vitamin E ? One other point mnay be referred to because of its bearing on the accepted present-day teaching with regard to the relation of vitamin D, calcium and the teeth. Special attention was directed to the naked-eye and microscopic characters of the teeth by two observers skilled in dental microscopy (the late G. W. Watson and J. H. Gibbs). These observers recorded a remarkable and not readily explained result, that, whereas the bony structures of the jaw, and all the other bones, were extremely soft, the condition of the teeth was "relativelv normal." This point is not in harmony with the view that there is an intimate association between vitamin D a.nd dental caries (Mellanbv) .
Irradiated milk in the treatment of rickets.-In a paper which appeared in the L"ancet (1929, ii, p. 704), an account was given of the striking clinical results obtained in the treatment of rickets by including in the dietary a quantity of milk irradiated by one of two processes-the Scheidt tube, known as the cold process, and the Hanovia quartz lamp-the results amply confirming those of some German and American observers. In the observations, every precaution was taken to exclude all the fallacies incidental to such an investigation. In particular it was shown from a group of four cases specially included in the series, that the irradiated milk exercised an immediate and striking influence in cases which had previously been treated under hospital conditions in expert hands by the usual methods of dietetic therapy, plus the administration of various remedies-e.g., ultra-violet light treatment to the skin, ostelin and irradiated ergosterol-this treatment having been in progress for periods varying from two to four months, with disappointing results. Under the administration of the irradiated milk, the rate of healing of the bones as ascertained by radiography was very rapid, the first evidence of healing being observed within ten days, and a complete radiographic recovery being established in severe cases in from four and a half to six weeks. In a recent paper (McRae, Archives for Diseases of Children, 1930, v, 431), a record is given of the comparative results obtained from the use of the external application of ultra-violet rays to the skin, radiostol, irradiated ergosterol, and cod-liver oil. The results are summarized in the following No information is given as to the date when a complete recovery, as determined by radiography, was established. McRae found that the application of the ultraviolet rays to the skin gave the best results, but for other general reasons cod-liver oil was the remedy of choice. In the past year I have made some observations on the use of irradiated skimmed (hand) milk, containing approximately 1 to 1-25% butter-fat, and of separated milk, containing from 0-1 to 0' 15%. The results have been strikingly good. Fig. 2 shows the radiographical appearances of the knee-joints of a child, aged 2 years and 10 months, affected with severe florid rickets, being unable to walk, to stand without support, or to keep his head up, and physically and mentally very backward. Fig 3 shows the same joints twenty-eight days later, the appearances being described by the radiologist as those of healed rickets. The improvement in the general and psychological conditions of the child was correspondingly pronounced. The diet was as follows:-Breakfast: porridge, milk, 5 oz., whole-meal bread'and butter. Lunch, milk, 5 oz., one or two rusks. Dinner: mince, mashed potato and turnip, milk pudding, stewed fruit. 3 p.m.: orange juice, 3 oz. Tea: egg, brown bread and butter, milk, 5 oz. Supper: milk, 5 oz., one or two rusks.
Two points are noteworthy in this diet : (1) It is comparatively fat-free, in contradistinction to the rich fat diet regarded as the correct line of treatment for the 35 Section of Electro-Therapeutics 1419 disease, and (2) it includes porridge, on which the Medical Research Council reported unfavourably some years ago as being prejudicial to rickets. From the scientific point of view, the interest of such a case is remarkable. There is only a fractional amount of fat in the milk-0 1 to 0 15%; it is conceivable, although on other grounds highly improbable, that this amount may suffice to provide all the vitamin D necessary. In any event the result has an interesting, if as yet unexplained, bearing on vitamin D as a "fat-soluble" vitamin. It is noteworthy that. according to biochemical assay, the proportion of vitamin D in the irradiated whole milk which I have used is extremely small, very much less than in various commercial preparations. The data I have accumulated appear to point conclusively to the fact that the remarkable curative 'influence of the irradiated milk--whether whole or nearly fat-free-is not dependent on any vitamin D factor, as that is at present determined by laboratory methods. It is relevant to indicate tbat an increased sense of energy and well-being follows the administration of the milk, in conditions other than rickets, in which it has been administered ; in such cases, however, no satisfactory proof of the value of the milk is, or can be, available.
The therapeutic influence of a Gerson diet.-The Gerson regime is essentially a highly vitaminized diet, from which all additional salt is excluded. For some years past this regime has been a subject in the forefront of medical interest and discussion in Germany. Its value in the treatment of various forms of surgical tuberculosis has been attested by numerous authorities, more especially Professors Sauerbruch and Herrmansdorfer in Berlin. A general account of this regime was published by the writer in 1930, based on personal observations in the clinics of Gerson, Sauerbruch and Herrmansdorfer, and in other institutions in Germany. In the British Medical Jouirnal, 1930, ii, 539, there appeared an informative article giving an account of the remarkable results obtained from its use in the treatment of lupus by Professor Jesionek, based on an experience of over 300 cases. There are now many institutions in Germany equipped with a special kitchen for this regime. The essentials of the dietary are (a) Vegetable and fruit juices, freshly prepared. (b) Vegetable foodstuffs, special attention being paid to the cooking, so as to conserve the active principles in the dietary. (c) Milk, lactic milk, curds, eggs. (d) Wholemeal bread. (e) Restrictions of meat foods. (f) Exclusion of salt in the preparation of the food. (g) Special medicinal measures: mineralogen-a preparation of vegetable mineral salts, eujecora phosphorized cod-liver oil, and eugusal-a chloride-free preparation to replace the salt for those who find the diet irksome.
From personal observation of this system in Germany I was satisfied that a strong prima facie case existed for investigating the subject, and for the past six months I have, by arrangement with the Board of Management of the Edinburgh Royal Infirmary, had an opportunity of testing the claims made by Gerson as to the value of the dietary in many common medical disorders, the regime adopted being slightly modified to suit British tastes. These observations are not yet completed, but the evidence so far obtained fully justifies the conclusion that this dietary system is a very valuable therapeutic measure. Further experience of this r6gime can hardly fail to prove of very great value in focusing the attention of medical men and the public on the all important part played by diet in the effective treatment of common medical disorders.
From the point of view of the present paper the special feature of interest in this diet is its richness in " vitamins." It contains in high degree the energy-producing properties of those fresh, natural foods which are universally recognized to be the chief source of the "vitamins." Gerson claims that the secret of its value lies largely in its freshness and in the retention in the foodstuffs of their original vital property, the existence of which has not been sufficiently recognized and is not determinable by present methods of laboratory investigation. In the writer's opinion these " live " properties of the food are the products of the light energy of the sun. The majority of our common foodstuffs are devitalized by modern methods of preparation and preservation-familiar examples being pasteurized milk, white bread, chilled meats and tinned foods of various kinds which bulk so largely in the national dietary. There is good reason for thinking that the too-exclusive reliance on sophisticated foods from which the vital properties are still more effectively removed by faulty cooking methods-is largely responsible for many diseases and for the recognized C3 condition of national health.
The trend of recent research has led to more or less official recommendations that the remedy is to be found in the manufacture and sale of an adequate supply of "vitamins A and D " and presumably other " vitamins." In the present state of our knowledge it seems advisable to enter a strong caveat against this teaching. Section of Electro-Therapeutics 1421 are revealed. This investigation was undertaken to confirm, or otherwise, results previously recorded (the results were confirmatory), every precaution being taken to employ the most modern methods of exact observation. For this purpose five houses were specially constructed and equipped in order to exclude every possible fallacy in the investigation. Special glass was utilized to eliminate the rays in particular parts ISpect. range in 1mxI. of the spectrum. The results obtained (see figs. 4 and 5) showed that when the rays in the blue-violet area of the spectrum were eliminated the following results were obtained: (1) A weak elongated slender growth with few branches-plants require support ; (2) defective internal development, cells thin-walled (3) delayed and defective flowering, also defective fruit and seed production; (4) defective storage roots. It is clear that these results are essentially the same as those characteristic of "avitaminosis" in animals under experimental conditions; they are the result of a deprivation of the energy value of particular rays in the spectrum.
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These results are striking evidence in favour of the hypothesis I have recently advanced as to the identity of "vitamins" with the light energy arising from radiation. These observations on plant growth have a very important bearing on the higlhly specialized "medical" study of the vitamin question. By way of illustrating the relationship between light energy and chemical energy, reference may be made to the ripening of the tomato and gooseberry. An unripe green tomato is absorbing all the visible rays of the spectrum except the green which it rejects; at this stage chemical changes must be taking place in the tomato preparing it for tihe next stage in the ripening, when it becomes yellow and rejects the yellow rays. At the yellow stage also, chemical changes must occur in the plant, preparing it for the final ripe stage when it rejects the red. The transformation of light energy into chemical energy is thus clearly established. An analogous example is afforded in the case of the gooseberry, where at the final stage of the ripening, the acid of the unripe fruit is converted into sugar under the influence of the solar energy.
Summary and conclusions.-The main points to which attention is directed as bearing on the hypothesis advanced are as follows:-
(1) The experimental evidence of the remarkable and uniform influence of milk on rats fed on rice, porridge and horse-flesh respectively and the fact that the symptoms observed in the animals definitely included those commonly accepted as characteristic of a deficiency in vitamin A and vitamin D."
(2) The striking curative influence of irradiated milk in the treatment of rickets, this confirming the findings of previous observers; also the fact of this curative influence being so notably present in hand-skimmed milk and in separated milk containing not more than 0 15% of fat. While no conclusive statement can be made on the point, the facts raise a doubt as to the correctness of the view as to the existence of any essential relationship between the active principles in the milk and fat solubility."
(3) The data ascertained as to the clinical value of the Gerson dietary and its known richness in "vitamins are, at least, entirely consistent with the hypothesis advanced.
(4) The information available from existing knowledge of plant nutrition suggests the identity of the" vitamin" with the light energy and wave-lengths in particular areas in the electro-magnetic spectrum.
In nature, vitamins are found only in the vegetable kingdom. Vitamins in animal tissues are derived from the vegetable foods consumed. The solar energy acts on the cells of the plants and initiates the chemical energy which promotes the healthy growth, maturity, and reproductive processes of the plant; healthy growth implies resistance to disease, e.g., freedom from infections. This energy, in accordance with the law of the conservation of energy, is passed on to the animal kingdom, when the vegetable food is consumed. Solar energy can be artificially used in the production of "vitamins," e.g., exposure of the body to the ultra-violet rays,as in actino-therapeutics, suitable exposure of milk to ultra-violet rays, and the irradiation of medicinal substances, e.g., ergosterol and cod-liver oil. We thus see that solar energy is transformed in nature and by artificial means into chemical energy. It is apparent that between the chemical energy, as it is stored up in the plant or substance, and the sunlight energy, which starts the process, there must exist a very close kinship in nature.
By way of explaination of the different known vitamins, it is possible that the special vitamin or vitamins specific for the plant may lhave an analogy with the selective power inherent in the plant in relation to colour.
The surest and best source of vitamins is the use of "live" food; a large proportion of foods in common use are more or less dead (devitalized). The amount of " vitamins " in food has a definite ratio to what may be termed the nearness of the food to the original source of its energy.
The general correctness of the hypothesis here advanced as worthy of investigation must be determined by clinical and laboratory study. If there are any established clinical data which rule it out of count, it falls to the ground. I know of no such data. Similarly, the existence of any proved data from the region of physics or chemistry, either at present known, or later ascertained, may show it to be invalid.
If the hypothesis is found to be correct, its acceptance will involve a profound change in some of the medical theories on which current medical practice depends; in the event of its being found invalid, the investigations required to disprove it are likely to prove of value for the advance of practical medicine. The acquisition to our knowledge of physical science in the past twenty or thirty years has made it imperative that the subject of nutrition should be more intensively studied by the light of that increased knowledge. This involves the close study of the energy value of food in relation to what may be termed its sunlight properties.
The available data appear to warrant the suggestion that the present position of the vitamin question, including its nomenclature, should be revised in the light of the theory that a biophysical factorthe radiant energy of the sun--is the primary factor. In endeavouring to assess the value of this hypothesis it is important to keep in mind the dictum laid down by Sir James Jeans in " The Mysterious Universe": " No scientist who has lived through the last thirty years will readily be too dogmatic as to the future course of the stream, or as to the direction in which realities lie." In science, where our knowledge is incomplete, a simple explanation may carry conviction in proportion to its simplicity.
DiusCSion.-Dr. MURRAY LEVICK said he thought that the complexity in medical treatment was due to the modern tendency to synthetize products already available in their natural and completed forms. For example, following the discovery of various vitamins, these were prepared artificially and prescribed needlessly in unstandardized doses instead of ensuring a suitable supply by correcting the diet.
He considered radiation to be the method of choice in cases of rickets and quoted physiological experiments to prove it. [Dr. Murray Levick then quoted cases of rickets at the Victoria Hospital for Children, which he had cured by the application of artificial light when they had not responded to cod-liver oil and said that this was a common experience.] He thought that the effects of excessive flesh diet on rats, instanced by Dr. Chalmers Watson, were due to absence of fat and not to excess of meat, and that the loss of immunity was due to the absence of vitamin A. He did not agree that biochemical methods were too readily accepted, in fact he thought that the medical profession in this country delayed regrettably in realizing the value of the scientific discoveries on which suFh methods were based.
Dr. R. KING BROWN said that a German expedition to Iceland (1927), to investigate the ultra-violet conditions there, concluded that the comparative rarity of rickets in Iceland was due to the plentiful sunshine and skyshine enjoyed there during six months of the year, and that the prevalence of rickets in the Faroe Islands, where the food was similar, i.e., fish, was due to their being more or less constantly enveloped in fog and mist during the summer months.
He criticized the feeding of experimental animals on unnatural food, which was found in itself to retard growth. Rickets, he said, only occuirred in growing animals, and the most rapidly growing parts of these animals, and could always be cured to some extent by starvation (Huldschinsky). There must, therefore, be more factors in rickets than that constituted by vitamins and food, and growth was certainly one of these.
Dr. Chalmers Watson's theory was interesting, and was influenced, no doubt, by the modern trend and development of physics. Endeavours had been made to discover the genuine connection between light and body-cells, some persons propounding the theory that the atoms making up the body cells, through the orbfts of their electrons, became resonant AUG.-ELECTRO. 2 * to certain wave lengths, which in increasing electronic activity, became absorbed in these cells, thus stimulating cellular activity to the benefit of the whole body.
This view of the connection of physics and biology made it imperative that physicists should be associated with medical men, since the latter rarely had the requisite physical knowledge to carry on that part of the investigation which involved a thorough knowledge of physics.
Dr. CHALMERS WATSON (in reply) said he was gratified that none of the speakers had expressed an opinion adverse to his conclusion as to the essential identity of vitamins with products of solar energy. From the clinical point of view the subject of vitamins was at present in an unsatisfactory and chaotic condition; this was due principally to the fact that hitherto it had been too exclusively considered from the point of view of laboratoryand mainly restricted biochemical-investigations.
Clinicians had been too ready to accept the laboratory conclusions of the day as a solution to their own problems, and they bad not adequately realized that the laboratory data on which they had been founded had on occasion subsequently been found incorrect, and had been discarded by their promoters, although these conclusions were still guiding the clinicians. Dr. King Brown's remarks on the importance of the study of natural growth phenomena were very pertinent. In this connection too little attention had been devoted to the valuable work of Dr. H. A. Harris on this subject.
From the practical point of view, if practitioners recognized the supreme value of an adequate supply of fresh " live'" foods, they need not worry about individual vitamins. In his, the speaker's, view the adequate reinvestigation of the whole subject from the biophysical point of view was the great desideratum to-day. This would lead to a profound modification of present views on nutrition, and to a vast simplification of our conception of disease in general, at the same time providing a solution of many of the great unsolved problems of clinical medicine and surgery to-day.
In relation to this point he would point out the possible interest of an observation that had been made for him by Dr. Ludlam, of the Chemistry Department of Edinburgh University re the spectrum of adrenalin. The main absorption band observed-280 p-was strikingly similar in its wave-length to that involved in the production of vitamin D in irradiation of ergosterol [Rosenheim and others].
